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It appears that putative cytokinin O-glucosides are stored in both root and bark tissue of Salix babylonica and in bark 
tissue of Ginkgo bi/oba. The levels of cytokinins were high in these plant parts after leaf abscission, but decreased 
markedly after bud burst It is possible that cytokinins are stored in the bark and root tissue after export, and are 
possibly re-utilized during renewed shoot growth at the beginning of the new growing season. 
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Introduction 
The role of cytokinin O-glucosidt:s within deciduous plant sys-
tems is a contentious issue. Although evidence strongly suggests 
a storagt: role for these compounds in other systems, transport of 
intact O-glucosides from the leaf prior to abscission, and storage 
wi thin persisting plant organs remains to be elucidated. There is 
some evidence that a redistribution of foliar cytokinins derived 
from O-glucosides may take place in Salix babylonica (van Sta-
den 1976; van Staden 1996). The sites of storage of these com-
pounds, and their re-utilization on bud burst and leaf expansion, 
however. has yet ro be established. 
As deciduous senescence is characterized by leaf loss, only the 
persisting organs - the root and stem systems - constitute poten-
tial storage sites. Evidence has been presented for the occurrence 
of O-glucosides in both these ti ssue systems in various plant spe-
cies. Yoshida and Oritani (1972) were the first to demonstrate the 
presence of a cytokinin O-glucoside in the roots of Orvza sativa. 
Subsequently, van Staden and Dimalla (1977) and ~an Staden 
and Smith (1978) demonstrated the presence of compounds 
CO-eluting with O-glucosylzeatin [(OG)Z] in roots of Lycoper-
sicon esclilentllftl and Zea mays respectivdy. Most recently. 
Joseph (1986) provided evidence for the presence of (OG)Z and 
O-glucosylribosylzeatin ([9R](OG)Z) in roots of Cichorium il1l),-
bus using radioirnmunossay. The only deciduous system exam-
ined is that of Alllus glwinosa (Henson & Wheeler 1977). The 
latter stud y. however. was more concerned with the cYlOkinins in 
root nodules as oppost:!d to the roO( itself. Nevertheless, the great-
est proportion of activity within the nodules was represented by 
O-glucosides - more specifically (OG)Z and [9R](OG)Z. As 
Bandenoch-lones et at. (1987) demonstrated that the cytokinin 
complement of root nodules of Piswn sativwn was closely 
re lated to that of the root itself, it is possible that the results of 
Henson and Wheeler (1977) are a good indication that 
O-glucosides also occur in the roots of Alnus glwinosn. It there-
fore appears that roots could repr~sent a possible storage site for 
leaf-derived cytokinin O-glucosidcs after leaf abscission in 
deciduous trees. 
Few studies have investigated the cytOkinin content of the 
stem in any plant system. Where this was done. it would appear 
that the signiticance of the stem is morl! than si mply bei ng a 
channel for root -produced material (Palmer et a/. 1981:1). In the 
monocarpic system of Phaseolus vulgaris, both O-glucosyl-
dihydrozcatin [DHZ(OG)] and the less-common [9R](OG)Z 
were found to be minor components of stem tissue. The only 
other investigation into endogenous stem cytokinins in a mono-
carpic species was that of Henson and Wareing (1976) in Xall-
thiwn sfrwnariunT. This species, however. did not appear to 
contain any O-glucosides within its stem c.ytokinin complement. 
With respect to deciduous Salix babyloniea, however, the stem 
appears to be an important site of O-glucoside occurrence. Van 
Staden and Brown (1977) demonstrated that the cytokinin com-
plement of bark in Salix baby/onica was very similar to that of 
mature leaves, therefore containing a high proportion of O-glu-
cosyl derivatives. This was later conlirmed (van Staden & Brown 
1978) and evidence was presented to suggest that these deriva-
tives occurred in the form of the saturated (OG)DHZ. Van Staden 
and Davey (1981) inves tigated the seasonal changes in the levels 
of cytokinin in bark of Salix babylonica and concluded that due 
to the high levels of the hormone in this tissue. it could play an 
important function in the regulation of cytokinin levels in differ-
ent tissues at different times of the year. Bark tissue in deciduous 
trees is therefore also a potential si te for storage of relocated It:af 
cytokinin O-glucosides. 
Although evidence has been presented to suggest that roots 
and bark may be possible sites of O-glucoside storage. no study 
has examined this with particular reference to specifi.c develop-
mental events. Additionally. the work of van Staden and Davey 
(1981), who investigated seasonal changes' in the cytokinin con-
tent of bark, leaf, xy lem and root tissue of Salix baby/oniell, only 
utilized the technique of separation by paper chromatography. In 
order to demonstrate that these organs playa role in the storage 
of these cytokinin conjugates after leaf abscission. and their sub-
sequent fe-utilization at the beginning of the next growing sea-
son. it was necessary to investigate more detailed changes in the 
cytokini n complement coinciding with developmental changes 
within the plant as a whole. 
This study investigated the cytokinin complement of roots and 
bark of Salix babylolliea and bark of Ginkgo biloba (root maLe-
rial not readily available) immediately after leaf abscission in the 
autumn, and during bud burst in early spring. The aim was to 
demonstrate whether O-glucosides are important components of 
these tissues during the dormant period, and if they are re-uti-
lized on resumption of growth. 
Materials and Methods 
Plant material 
Bark of Salix babyfrmica L. and Ginkgo bifoha L. was peeled or 
shaved off the stems of maturt: individuals, using a sharp razor blade. 
just afler leaf abscission in late June. and during bud bursl in 
mid-September. Bark comprised all tissues outside the ring of sec-
ondary xylem. Bark and roots were collected in June and Seplember 
from 3-year-old Salix babylol/lea plants grown from cuttings and 
S. Afr. J. Bot. 1996.62(4) 
maintained in pots. Roots were washed thoroughly to remove soil 
debris and humus. 80lh bark and root material was then weighed, 
flash-frozen in liquid nitrogen and rreeze-dried prior (Q cytokinin 
extraction. 
Extraction of cytokinins 
Freeze-dried root and bark tissue was homogenized in 80% ethanol 
and extracted overnight with constant shaking at 4°C. After filtra-
tion, the extract was reduced to dryness in vacuo at 37°C and resus-
pended in 4 !TIl 80% ethanol prior to analysis. 
Analysis of cytokinins 
Ethanolic extracts of bark and root were streaked on to Whatman 
No. I chromatography paper and separated by paper chromato-
graphy (van Staden 1996). After separation, the bark samples were 
bioassayed using the soybean callus bioassay (Miller 1965). This 
was not undertaken with the root samples due to limits on the 
amount of material available. Complete extracts were eluted from 
the remaining paper chromatograms, filtered, reduced 10 dryness and 
resuspended in I m1 50% ethanol. This was then applied to a Sepha-
dex LH-20 column and eluted with 35% re-distilled ethanol (van 
Staden 1996). Forty-ml fractions were collected, air-dried and 
assayed fo r cytokinin activ ity using the soybean callus bioassay 
(Miller 1965). 
Results 
Cytokinin content of Salix babyonica root tissue 
Ethanolic extracts of root ti ssue collected from mature plants of 
Salix babylollica after leaf abscission (June) showed three main 
peaks of cytokinin-like ac tiv ity following separation by Sepha-
dex LH-20 (Figure I A). The largest of these peaks had an elu tion 
volume of 360-400 ml, thus co-eluting with authentic (OG)Z 
and/or (OG)DHZ. A smaller peak of ac tivity was found to 
co-elute with Z, having an elution volume of 680-760 ml. Activ-
ity also co-chromatographed with iso-penlenyladenine (iP). 
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Figure 1 Cytokinin-like activity in ethanolic ex tracts of roots of 
Salix babylonica after leaf abscission (late June) (A) and bud burst 
(mid-September) (B) had occurred. Soybean callus proliferation in 
the extract was measured afrer separation by Sephadex LH-20 with 
35% ethanol as the eluent. Bars on the right represent the growth 
achieved with kinetin standards of 50. 10 and 1 mg 1.1• The dotted 
line indicates the control callus yield. 
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The root samples colIeeled after bud burst in mid-September 
had far lower levels of ex tractable cytokinins than the late-June 
sample (Figure 1B ). The major peak of ac ti vity was still associ-
ated with (OG)Z andlor (OG)DHZ, with a smaller peak co-elu-
ting with au thentic Z . No compounds showing cytokinin-like 
activity were found to co-elu te with iP or iso-pcntenyladenosine 
([9R]iP). There were, however, two small peaks of activity at e lu-
tion volumes of 160 and 80 mI, indicating the presence of two 
polar co mpounds hav ing the ability to induce cell div ision in the 
soybean callus bioassay. 
Cytokinin content of Salix babylonica bark tissue 
Sephadex LH-20 column analysis of the autumn/winter sample 
(June) illustrated that a large proportion of the activity associated 
with the free base, or non-polar fractions. co-eluted with iP (Fig~ 
ure 2A). Additionall y, a smaller peak , having an elution volume 
of 1 120 ml was detected. This peak of activity did not co-clute 
with any ava ilable cytokin in standard . A small proportion of the 
activity recovered co~dult!d with Z. or its dihydro derivatives. 
Activity W<L<; also associated with the elution volume of (OG)Z. 
After bud burst in mid-September, however, very little activity 
was detected in the bark t!xtracts (Figure 28). The largest peak 
detected co-eluted with Z. Some activity still remained at an elu-
tion volume of I 120 ml , although this peak was much smaIJer 
after resumption of growth. 
Cytokinin content of Ginkgo biloba bark tissue 
Separation by Sephadex LH-20 illustrated that the dec rease' in 
cytokinin-like activity after bud burst was due to a qualitatiw 
reduction in the number of compounds present (Figure 3). Si x 
major peaks of activity were recorded in the winter bark samples 
(Pigure 3), decreasing to three after bud burst. rno large peaks of 
activity disappeared, one having an elution volume of 920- 980 
ml and co-eluting wi th iP, and the other an unknown compound 
eluting at I 280 ml. Ac tivity associated with the cytokinin 
O-g lucosides was important in both extracts, but the activity was 
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Figure 2 CytOkinin-like activity in ethanolic extracts of bark of 
Salix babylonica after leaf abscission (late June) (A) and bud hurst 
(mid-September) (B) had occurred. Soybean callus proliferation in 
the extract was measured after separation by Sephadex LH-20 with 
35% ethanol as the eluent. Bars on the right represent the growth 
achieved with kinetin standards of 10 and 1 mg 1-1. The dotted line 
indicates the control callus yield. 
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Figure 3 Cytokinin. like i.)ctivity in ethanoJic extracts of bark of 
Ginkgo hiloba after leaf abscission (laIc June) (A) and bud burst 
(mid-September) (B) had occurred. Soybean callus proliferation in 
the extract was measured after separation by Sephadex LH-20 with 
35% ethanol as the eluen t. Bars on the right represen t the growth 
achieved with kinetin standards of 50, 10 and I mg I-I, The dotted 
line indicates the control callus yield . 
separated into two distinct peaks in the winter sample, one of 
which possibly represents the O-glucoside riboside derivatives of 
Z or dihydrozealin (DHZ) (elulian volume 280--320 mI). A simi-
lar amount of ac tivity was associated with the free base or Z 
marker (e lution volume 640--680 ml) in both samples. The 
amount of activity co-eluting with riboside derivatives of Z or 
DHZ increased after bud burst, in comparison with the bark 
extract from the dormant growth period. 
Discussion 
Cytokin in O-glucosides are considered as storage conjugates of 
the free purine bases or ribosides in many systems. Their precise 
role in deciduous trees, however, remains unclear. As any com-
pounds present in the leaves of these species are lost at abscis-
sion, the storage role of O-glucosides may only be demonstrated 
by investigating the cytokinin complement of the persisting stem 
and root systems. This study reports on the presence of cytokinin 
O-glucosides in the bark and roots of Salix babylonica and bark 
of Ginkgo bi/oba, and attempts to relate this to the role of these 
compounds in the physiology of the tree as a whole. 
The question that arises following the presence of cytokinin 
O-glucosides in the bark and root tissue of deciduous trees relates 
to their possible site of origin. The hypothesis that these organs 
are storage regions for cytokinin O-glucosides obviously favours 
a foliar origin. This is supported by evidence for the transport of 
O-glucosides and other cytokinins from mature leaves (Vonk & 
s. Afr. 1. Bot 1996,62(4) 
Davelaar 1981; HUlton & Van Staden 1985; Taylor el a/. 1990) 
and the occurrence of cytokinins in phloem tissue allowing basi-
petal movement (Hall & Baker 1972; Phillips & Cleland 1972; 
van Staden 1976; Vonk 1979; Vonk & Davelaar 1981 ; Weiler & 
Ziegler 1981). Addiliona lly, Ihe work of van Siaden ( 1996) pro-
vides indirect evidence for this theory in [hat, as the foliar con-
centration of O-glucosides and cytokinins in general decrease in 
Salix babylonica, so that of (he root and bark increases. The pos-
sibility that O-glucosides and other cytokinins in bark and roots 
are of a different origin, however, may not be ignored. 
If the cytokinins found in hark and root tissue of Salix baby-
tonica and Gillkgo bi/aba are not of foliar origin. there are two 
possible altanativt! sources. Firstly, both the O-gJucosides and 
iP-like derivatives may be products of biosynthesis and subse-
quent metabolism ;n situ. Although the roots are still considered 
to be the major si te of cYlOkinin biosynthesis, the cambium has 
long been considered an alternative or additional possibility (van 
Siaden & Davey J 979; van Staden ef al. 1988). Van Staden and 
Choveaux (1980) reported Ihe occurrence of Z and [9RJZ in cul-
tures of internodal stem segments of Salix babyloniea, along with 
rapid cell division of rhe cambial region when exposed. This sup-
ports the possibility of a cambial site for cytokinin biosynthesis in 
this species. Additionally, van Staden (1979) illustrated that callus 
derived from the exposed cambial region of excised buds of Salix 
babyloflica was apparently responsible for the accumulation of 
cytokinins in cultured buds prior to bud swell. Thus, movement 
from cambial cells to those of the bark could also be possible. 
Grayling and Hanke (1992) suggesled thai the predominance of 
[9R]iP- or iP-like derivatives in any tissue implies possible syn-
thesis within that system. This is due to the fact that iP-Jike cyto-
kinins have been considered as biosynthetic precursors to their 
Z-type counterparts. The predominance of iP-like cytokinins in 
the bark of Salix baby/olliea and Ginkgo biloba may therefore 
imply that the cytokinins within this tissue are primarily derived 
from de novo synthesis. There are, however, certai n problems 
with Ihis hypothesis. Firstly, the biosYnihetic pathway of cytoki-
nins is still a contentious issue (KHimbt 1992) and therefore con-
clusions based on inference to this pathway may be illogical. 
Secondly, Weiler and Ziegler (1981 ) demonslrated that [9RJiP-
and iP-type cytokinins were important components of phloem sap 
in 14 different tree species tested. Thei r occurrence in the bark of 
deciduous trees could therefore be a function of transport from 
elsewhere in the plant. As an alternative to de novo synthesis ill 
situ, cytokinins within the bark could be of root origin, derived 
cither from the xylem or the phloem. Evidence for the transport of 
O-glucosides from the root via the phloem wi ll be discussed later 
when considering re-utilizal ion of these compounds. As early as 
1969, however, Bowen and Wareing jllustrated the radial translo-
cation of IJC-kinetin from the transpiration stream to sieve tube 
sap in Salix viminalis. It is therefore possible that radial move-
ment may account for the cywkinins found in bark tissue, consid-
ering their position in relation to the primary phloem. Jameson et 
al. (1987) provided circumstantial evidence for this movement, as 
they demonstrated that cytokinins normally present in the xylem 
stream of Lupinus angustifolius move directly to the bark. As 
well-developed ray cells were present in the lupin plants used, the 
authors concluded that the translocated cytokinin moved through 
these from xylem 10 bark. Baker and Allen ( 1992), however, stale 
that it is unlikely that cytokinin activity detected in the phloe m is 
a result of a direct exchange from the xylem, as in general the 
principle meta bolites in each appear to differ. Additionally, the 
partition co-efficient shown by naturally occuning cytokinins 
suggests that the partition from the acidic xylem compartment 
into the alkaline phloem sap would not occur readily. Neverthe-
less, it is possible that the cytokinin complement of bark of Salix 
babyloflica and Ginkgo biloba may be a function of redistribution 
S. Afr. J. !lot. 1996. 62(4) 
of foliar compounds, de novo synthesis and metabolism itl situ. 
radial translocation from the xylem, or a combination of the three. 
Consideration of the origin of root cytokinin O-glucosides is 
slightly s impler than those occurring in the hark. If the rool 
O-glucoside complement is not shoot derived, there is only one 
other possibility - the compounds are formed ill sifll. The fact 
that roOls may possess the ability for O-g lycosy lation is reflec ted 
by Ihe findings of Forsyth and van Staden ( 1986). In this sludy. it 
was found that onc ofthc most important reactions o f decapitated 
Lycopersicul! escllielltwn roots to the ap plica tion of l8 - '~C]Z was 
one of O-glucosylation. Therefore. excess free bases accumulat-
ing in the roots during dormant periods, which may be a result of 
a dl!crease in export (Page & van Staden 1982), could be inac ti-
valed within the root it sel f. It may be seen, therefore , that 
although this study provides evidence that O-glucosides are 
present in the roots and bark of certain deciduous trees during the 
dormant months, the hypothes is that these substances arc of 
fo li ar origin remains to be conClusively demonstrated. 
Despite the fact that the cytokinin O-glucos ides detected in the 
leaf and bark ti ssue of the two species under consideration may 
not necessarily be of leaf origin, this does not affect their poten-
tial role as storage products. One of the most important proper-
ti es of storage products is that they must have the abil ity to be 
hydrolysed when requi red at the induction of a specific deve lop-
mental event. Evidence presented in this study shows that levels 
of O-glucoside decreased markedly in root of Salix babylonica 
after spring bud burst , as compared to the cytokinin complement 
of roots during the dormant peri od. Similar changes in root cy to-
kinin content have been reported in Cichorillln intyhlls after roo t 
vernalizat ion, and may be correlated to the acquisition of fl ower-
ing ability in Ihis species (Joseph 1986). Additionall y. Dumbroff 
and Brown (1976) demonstrated that hud break in seedlings of 
Acer .Wlcchl/ rum was preceded by a peak in root cytokinin acti -
vity, especially in the lateral roots. 
The consideration of O-glucoside re-utili zation in bark tissue 
o f Salix babylonica and Ginkgo biloba is more complex than that 
occurring in the root. Both species show a reduction in total bark 
cytokinin activity after bud burst, but thi s decrease may not be 
directly attributable to a release and transport of O-glucosides. 
iP-type derivatives appeared to be an important component of 
bark during the dormant period in both species studied, decreas-
ing to a negligible level after bud burst. Although there was a 
reduct ion in the activity attributable to O-glucosides in SaLix bab-
ylvlliea and Ginkgo bi/oba bark ti ssue coinciding with bud burst. 
it may not be stated with confidence that these substances consti -
tute a major source of free base on hydrolyzation. This is in con-
trast 10 the resul ts of van Staden and Brown (1977. 1978) on the 
cytokinin content of Salix bubylollica bark in response to stem 
girdling. Van Staden and Brown (1978) demonstrated that cy to-
kinin O-glucosides accumulated in the bark below the girdle, but 
decreased at the onset of lateral shoot growth with a concomitant 
increase in compounds co-chromatographing with Z and related 
derivatives. Additionally, analysis of bark from comrol, non-
girdled plants collected in autumn showed that although some 
activi ty was associated with iP-like derivatives, this was of little 
significance in comparison to (OG)Z- related activity. Therefore 
the cytokinin complement of the bark of an individual respon-
ding to such treatment as girdling may not necessarily be the 
same as that of an untreated individual responding to seasonal 
environmental stimuli. Additionally, although van Staden and 
Brown (1978) state that their sampling was undertaken in 
autumn, their date of collection was mid-April. It has been illus-
trated that dramatic changes in leaf cytokinins occur between 
April and leaf absciss ion in mid-June (van Staden 1996). It is 
therefore possible and indeed likely that changes may also occur 
in the cytokinin complement of the bark during thi s time. As 
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Weiler and Ziegler (198 1) illustrated Ihat phloem sap collected 
from numerous tree species in autumn contained high concentra-
tions of [9R] iP-like and iP-like derivatives, these changes may 
include an increase in the proportion of these compounds. It is , 
however, unclear as to why there would be a shift from a pre-
dominance of a-g lucoside derivatives, which are considered to 
be metabolically stable (Letham & Palni 1983) to a predo mi-
nance of iP-like derivatives during the dormant period. This 
aspec t therefore warrants further study. 
The large proportion of free base in the bark as compared to 
the O-glucoside conjugates rai ses the question as to where these 
compounds are utili zed after the period of storage. The hypothe-
sis that the bark acts as a storage si te for foliar cy tokinins during 
the leafless months would suggest a fe-distribution back to the 
new leaves on bud burst. This is supported by van Staden and 
Dimalla (1981) who demonstrated that cytokinins produced in 
the bark of rootless, dormant shOOLs of Pnmus were transported 
to and utilized in expanding buds on the release of dormancy. 
The cy tokinins appeared to reach the buds via the xylem after lat-
e ral movement from the bark tissue. There is an increase in the 
proportion of riboside derivati ves in Ginkgo bi/oba immediately 
after bud burst. As these compounds are thought to be the trans-
port forms of cy tokinins within the xy lem, this provides further 
circumstantial evidence that bark-de ri ved cytokinins may be 
re-utilized in expanding leaves. Additionally, Palmer et af. 
(l98Ib) and Palmer el al. (l981c) presented evidence that the 
stern may be an impo rtant site of cytokinin storage in Phaseolus 
vulgaris. These stored cytokinins may be released on the induc-
tion of lateral shoot growth. The possibility that cytokinins found 
in the bark may be utili zed in that tissue itself, however, may not 
be ignored. Van Staden and Davey (1981) reported that the 
decrease in activity in bark detet:ted at the beginning of the grow-
ing season was not reflected in a large increase in xylem cyto-
kinins, thus suggesting utilization of the hormone within that ti s-
sue. Being a living part of the plant, several components of the 
bark still maintain the ability for cell division. Therefore, every 
growing season, the vascular cambium adds secondary phloem to 
the bark (Raven el al. 1986). This cell -dividing activity may be 
under the control of cytokinins, suggesting a utilization s ink 
within the bark at the onset of growth. The relative importance o f 
thi s sink with respect to that of the expanding leaves has yet to be 
tested. 
The questions rai sed as to the si te of re-utili zation of bark 
cytokinin O-glucosides are also relevant to those localized in the 
root system. The export of cytokinins from the root and their 
effect on shoot processes is well established. The questions that 
remain to be answered, however, relate to the re lative importance 
of re leased storage forms in affecting shoot physiology as com-
pared to products of de novo synthesis, and their route of trans-
port from the root. As previous ly stated , the root content of Salix 
baby/onica was found to decrease markedly after bud burst in 
thi s study. It is possible that the release of these conjugates has 
little effect on shoot processes as they are utilized in the root 
itse lf, whilst products of de 1I0 VO synthesis are exported via the 
xylem. This would appear to be supported by the findings of van 
Staden and DimaJJa (1977), who demonstrated the presence o f 
(OG)Z in the root tissue of two cultivars of Lycopersicoll esclt-
lentwn, but none in the xylem exudate o f this species. It is, how-
ever, possible that the conjugates are hydrolysed prior to 
transport, as the smaller free base would be translocated more 
readily. Conversely, van Staden and DimaJJa (1980) report Ihe 
occurrence of O-glucos ides in the root xylem sap of Bougainvil-
lea, suggesting that in some species transport of these conjugates 
is possible. Alternatively, there is evidence to suggest the trans~ 
port of the intact O-glucoside molecule from the root via the 
phloem. Van Staden and Brown (1977) demonstrated that gir-
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dling of one-year-old Salix baby/ouica plants resu lted in nn accu-
mulation of O-glucos ide derivatives in the bark and buds below 
the gi rd le, thus suggesting a root origin for these compounds. It 
may therefore be possible that whilst the free base and riboside 
forms are transported from the root via the xylem, the 
O-glucoside conjugates follow the phloem route . Although Hut-
ton and van Staden (1984) reported little difference in the distri-
bution pattern of cytokinins applied to either the phloem or 
xylem tissue of Phaseo/us vulgaris, Grayling and Hanke ( 1992) 
demonstrated that cytoki nins leaving the rOOl in the phloem dif-
fe r from those in the xylem in PerilfaJrutescellS. Whether this is 
the situation in Salix baby/anica needs [Q be established. 
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